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; ABSTRACT
3 Full scale trials were conducted on the Stable Semi-Submerged Platform
1.
ﬁ§ (SSP) known as the SSP Kaimalino, a Small Water Plane Twin Hull (SWATH) with
i
8 an overall length of 87.8 ft (26.76m) and displacement of 193 tons (196 MTSW).
5 Trials were conducted in a Sea State 4 at various headings and speeds. A
helicopter was used to obtain motion and still photographs with an ocean-
going tug running alongside for comparison purposes. Measurements were
made of craft motions and accelerations as well as pressures on the cross
structure due to wave impacting.
ADMINISTRATIVE INFORMATION
] These trials were conducted for the Systems Development Department,
z Advanced Concepts Office, David W. Taylor Naval Ship Research and Develop~ent
L < ' Center (DTNSRDC), under work unit 1-1170-090.
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INTRODUCT ION

Seaworthiness trials were conducted on the $SP Kaimalino as part of
the David W. Taylor Naval Ship Research and Development Canter (DTNSROC)
trials program. The craft, designed by the Naval Undersea Center, (NUC)
Pearl Harbor, was built at the Curtis Bay Coast Guard Shipyard. The
seakeeping trials reported herein were conducted of f Oahy lsland, Hawaii
In July 1975,

Experiments were conducted in head, bow, beam, quartering and following
Sea State 4 (Sigrificant wave height approximately & ft or about 2 m) at
various speeds. Measurements were made of the seaway, the craft pitch,
roll, heading angle, relative motion at the bow, angular rates and vertical
and horizontal accelerations at various craft locations. In addition,
pressures due to wave impact On the Cross structure were measured atl various
locations along the length of the craft. / helicopter obtaimed motion
picture and still pnotographs of several runs with ar oceangoing tug
{AYF} cperating alongside to obtaim a visual record for comparison of
the motions of the two craft. Some of the data ebtained en the fyll-
seale crafr may prove suitable for vse in comparing madel ang fyull.

scale experimenral resyles.

CRAFT DESCRIPTION

Principal dimensions and other craft characteristics are presented in

Table !, o cevailed discussion of eraft design and construction (s given

o v ——— o s
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In Reference } .

Although the craft waterline and displacement varied from duy to day

because of varied fuel loading, trial results were not significantly

O

affected. The mean draft and craft displacement were 15.67 ft {(4.78 m),

-— _— oy« gy STt R T o G
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15.92 ft (4.85 m) and 193.3 tons (136.4 MTSW), 195 tons (198.1 MTSW)
during the two days on which seakeeping trials were run. The vertica!l
center of gravity (VCG) was determined by an inclining experiment in
Hawail.

Propulsion for the craft was provided by two 2230 horsepower gas
turbines geated through a chain drive to controllable pitch propellers.
A - Auxiliary diesel engine power, used for close quarter mineuvering
g | 'g; dockside, was not used during seakesping trials.

;1 ' Control syrfaces on the craft were rudders, stern foil flaps and

forward canards. These surfaces were held fixed durinmg the data collecting
sartion of each ryn.

The S5P is a twin strut SWATM design with most of the buoyamey provided
by lower sybmerged hylls. Another feature of this particular desigm Ig the
full spam stern foil Between the lawer hylls,

Figure | is o sketed ¢f the Kaimalino showing motiom and acceleration
transducer locations while pressure transdycer locations 3re shown in

Figure 2.

T lang, T.6., 4.0, Hightower and A.T. Strickland, 'Design and Development
of the 190 Ton Stadle Semisudmerged Platform ($SP)' Jourma! af
Engineering for Indystey, Novemder 1974
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DESCRIPTION OF MEASUREMENTS AND INSTRUMENTATION

Keasurements were made of craft motions, accelerations, races and
wave impact pressures as well as of the seaway. Table 2 presents a
list of these measurements and the transducer locations. Pitch and
roll motions as well as surge, sway and vertical accelerations were
measured by means of a stabilized platform located on the centerline
just forward of Frame 24. Vertical accelerations were also measured
in the pilot house (Frame 5) and on the port side «f the well (Frame
35)  Pitch, roll and yaw rates were measured by neans of rate gyros
loceted just to port of the stabilized platform. Relative bow motion
was measured 3 feet forward of the craft nose by means of an ultrasonic
displacement transducer. Pressyres due to wave impacting on the
bridging structure were measured by means of strain-gaged dJiaphragm
type pressure transducars rated at 100 psi with a flat response to
1000 hz and @ natural frequency of at least 10,000 hz, and thus were
acre than adeguate to medsure the impact phenomena. The seawdy was
medsured by & free floating byoy which telemetered wave data to t e
craft for recordiag.

Quring the experiments the transducer signals were amplified and
recorded in analog form on paper strip chart (including an oscillograph
for recording wave impacting phencmsna) and analiy magnetic tapa. The
systea for rerording impacts had 3 Flat response to 1500 Az which wat

a0re than adequate for the pheaomena.




IRIAL PRCGRAM AND PROCEDURE

The ZSP trial prosram crasistes of ten conditions; head, bow, beanm,
quarter. g and following sea headimg: rum at about 9.5 and 17.5 knots
in a Sea State & (significant wave height about & ft or 2 meters). About
30 minutes of rea! time data w2z collected for each run condition. In
addition, about 5 minutes of data was collected during photographic runs
iz head, bow and beam seas at about 12 knots.

in conformity with the procedure for the other types of trials conducted
on the SSP, the craft was ballasted at zerc speed, to zero trim and heel
condition each day before trials began. Draft readings were them made and
recorded along with water temperature and ipecific gravity im order to
determine craft displacement. Table 3 iadicates crafr condition for the
two days duriag which seakeepingy trials were condycted.

Priar to beginning the trials each day, the wave Meight buoy was
deployed by the chase baat im a position whieh was intended to be im the
center of the trials area. At al! times dyrimg davra collecrion the
relative positions of buoy and craft were umder the surveillamee of a
deck edserver. All trials were rum inm am ared where the water depr™ was
3t least 600 Fr (18Y ®).

in preparation fer each particular rym, the erafr was steadied o om
course at the desired dpeed. The eraft course, set to salmealm 3 comstant
heading to the credominagmt Seaway, was determinad By obiervations Frer the
dech and wing direction was indicated By am on-board amnesameter. Omge

the Reading and speed were set, the ¢2td collecting partiom of the ryn

g hp T
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was executed until about 30 minutes of data had been recorded. No
changes to control surfaces or propulsion were made during the runs
except on two occasions when the propeller began tc broach the water
surface and the turbines idled down automatically by signal from the

turbine overspeed governor control.

TRIAL RESULTS

The motion data obtained during these trials were analyzed in both
the frequency and time domains. This analysis yields mean values, power
spectra, histograms and Fourier transforms as well as statistical informa-
tion about the time histories. The data presented in this report are the
significant double amplitudes (average of the one-third highest peak to
peak eacursions) of craft motions and accelerations such as relative oow
motion, pitch and roll motions. Significant vertical accelerations were
measured at the bow, the stable platform location and at the port side
of the well. Absolute vertical motinns at these locations were calcylated
by double integration C¥ the acceleration response spectra and are
designated as bow displacement, heave displacement and port disglacement.
Significant sway and surqge accelerations as well as pitch, roll 2.4 yaw
rates were measured at the stadle platform location. Impact pruisure
data, extracted manually froa oscillograph records, are presented in
teras of frequency of impacting and iopact pressure histograms. Table 3
presents 2gan heading, speed. pitch and roll aajle and control surface

angles for the various runs.
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Figures 3 and 4 present the zero speed sea spectra recorded during

the first and second days of the seakeeping trials. Though the data
indicates the signiticant wave height o be slightly larger than § ft

(1.5 m) the seaway sample was measured in an area closer to shore than
that in which trials were conducted. From visual observations the
significant wave height in the operating area was closer to 6 to 7 ft (2m)
and the seaway unidirectionality was very good, moreso in the Molakai
channel than off of Koko Head. Note the seaway data collected during
photo run 3 (Figure 3) is also presented as a function of wavelength/craft

length, A/L.

Figures 5 through 9 present results of experiments conducted in

head seas at various speeds. For the speeds tested there is no appreciable
speed effect on motions, absolute vertical motion, rates or surge and

sway accelerations. The vertical accelerations increase as speed

increases.

The high freguency of occurrence of impacts at gage 13 (Figure 8) ray
be due to the large buildup of water around midships, common around 9
knots. Though the maximum pressure recorded at gage 13 was 9.8 psi
{67.6 KPa) and the pressure for most samples was 6 psi (41.4 KPa) or
less (see Figure 9). The N indicated on the pressure histograms is the

total number of impacts samples during the run. The relative frequency is

g

caliculeted by dividing the nuymber of samples in a particular pressure
range [0 to 2 psi (13.8 KPg) for example) by the total numder of samples,

PRI

N, and multiplying by 100.
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Fioures 10 through 14 present results of experiments conducted in
bow quartering seas at various speeds. Here too, there is no speed
effect on motions, absolute vertical motions, rates or surge and sway
acceleration. The vertical accelerations increase as speed increases
up to about 16.5 knots.

The high frequency of occurrence of impacts at gage 11 (Fiqure 13)
and the low pressure magnitudes (see Fiqure 14) are due to the water
rising up the inside of the starboard forward strut since the seaway was
from the port bow direction.

Figures 15§ threuah 19 present results of experiments conducted in
beam seas at variou. cpeeds. There is an increase in roll motion and
roli rate as speed increases “rom 9 to 17 knots and an increase in
relative bow motion as speed increases from 9 to 12 knots. Sample strip

chart records (Figure 15A) indicate that pitch and roll are in phase.

Figures 18 and 19 indicate very little impacting except at gaqe 10.
bote that in Table 3 the mean roll angle during the run in which gage 10
is on the forward starboard strut and the seaway was from the port beam.
Figures 20 through 24 present results of experiments conducted in
stern guartering seas at varioys speeds. There is 2n increase in pitch,
roll and relative bow motion as speed increases from 9 to 16 knots while
the accelerations and rates remain fairly constant because at this heading,
for 3 given wave length, the encounter frequency decreases as the craft !

speed increases. The encounter period for a 400 ft {122m) wave length is

4
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CONCLUS1ONS AND RECOMMENDAT I ONS

The limited amount of full scale seakeeping data reported herein
tends to indicate the following trends for the $SP Kaimalino operating
in Sea State &4,

1. Motions in head and bow quartering seas are smaller than
in stern quartering and following seas up to about 17 knots.

2. Vertical accalarations increase as speed increases in head
and bow quartering seas but vary little with speed in stern quartering
and foliowing seas.

3. Frequency of wave impacting in the bow area of the bridging
structure appears higher in quartering and following sea concitions due to

the larger bow down pitch attitudes which occur frequently at these headings.

These bow down attitudes are also responsible for the two cases of propeller

ventilation. However, propeller ventilation was overcome by trimming the craf«

bow up by use of control surface.

4. Since very few samples of impact data were collected during this
trial, it is highly recommended that conclusions concerning frequency of
impacting and impact pressure magnitudes should not be drawn from this

limited amount of data.

5. In order to obtain more reliable impact data, It |s recommended
that more wave Impact data be collected, |f possible. in a higher sea state.

6. 1t is also recommended that additional trials be run, especially
at zero speed, in a seaway with sufficient energy near synchronism and

over a broad enough frequency range to obtaln an estimate of motion transfer

[
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CONCLUSIONS AND RECOMMENDAT IONS

The limited amount of full scale seakeeping data reported herein
tends to indicate the following trends for the SSF Kaimal!ino operating
in Sea State &,

1. Motions in head and bow quartering seas are smaller than
in stern quartering and following seas up to about 17 knots.

2. Vertical accelerations increase as speed increases in head
and 'ow quartering seas but vary little with speed in stern quartering
and following sens.

3. Frequency of wave impacting in the bow area of the bridging
structure apnears higher in quartering and following sea conditions due to

the larger bow down pltch attitudes which occur frequently at these headings.

These bow down attitudes are also responsible for the two cases of propellar

ventilation. However, propeller ventilation was overcome by trimming the craft

bow up by use of control surface.

4. Since very few samples of irpact data were collected during this
trial, It is highly recommended that conclusions concerning frequency of
Impacting and impact pressure magnitudes should not be drawn from this

limited amount of data.

5. In order to obtain more reilable impact data, It Is recommended

that more wave Impact data be collected, |f possible. in a higher sea state.

6. !t is also recommended that additional trials be run, especially
at zero speed, in a seaway with sufficlient energy near synchronism and

over a broad encugh frequency range to obtain an estimate of motion transfer
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functions for the full scale craft,
7. Additional trials are also recommended to provide an insight

Into strategy for controlling the craft In quartering and following seas

by manual or automatic control of horizontal control surface.
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TABLE 1 GEUMETRIC CHARACTERISTICS OF THE SSP KAIMALINO

Overall Length

Submerged length, nose to
trailing edge of rudder (AP)

Submerged maximum beam
Diameter of Submerged hulls
Displacement

KG, height of CG above baseline
Longitudinal distance, AP to CG

KB, height of center of buoyancy
above baseline

13

87.8 ft

81.25 ft
49.7 ft
6.5 ft
193.75 LTSW
15.39 ft
42.46 ft

6.03 ft

26.76 m

24.76 m
1515 m
1.98 m
196.9 MTSW
4.69m
12.94 m

1.84 m
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TABLE 2 - SSP KAIMALINO TRANSDUCER LOCATIONS

Measurement Transducer Frame Distance Off the
Centerline
feet (meter)
Pitch
Roll Mark IV
Heave Acceleration Stable 24 on Centerline
Surge Acceleration Table
Sway Acceleration
Pitch Rate
Roll Rate Rate Gyro 24 2 (0.6) Port
Yaw Rate
Relative Bow Motion Sonic 2 (0.6) Stbd
Vert. Bow Accel. Accelerometer 5 on Center)ine
Port Vert. Accel. |[Accelerometer 35 8 (2.4) Port
p-1 Pressure Gage | 11-12 7 (2.1) Stbd
P-2 11-12 7 (2.1) Port
P-3 9-10 7 (2.1) Stbd
P-4 5-6 7 (2.1) Stba
P-5 1-12 1.3 (0.4) Stbd
P-6 11-12 1.3 (0.4) Port
p-7 10-11 1.2 (0.4) Stbd
P-8 7-8 1.2 (0.4) Stbd
P-9 4-% 4 {1.2) Stbd
P-10 5-6 17.8 (5.4) Stdd
P-11 18-19 12 (3.7) Stdd
P-12 29-30 1 (3.4) Stbd
P-13 36-37 16 (4.9) Stbd
p-14 40-41 19 (5.8) Sthd
P-15 49-80 4 (1.2) Port
P-16 84-5% on Centerline
P-17 §8-%9 5 (1.3) Stbd

P18

59-60

on Lenterline
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